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Research indicates that certain personality traits relate to performance in the medical pro-
fession. Yet, personality testing during selection seems ineffective. In this study, we exam-
ine the extent to which different medical school selection processes call upon desirable
personality characteristics in applicants.
Methods
1019 of all 1055 students who entered the Dutch Bachelor of Medicine at University of Gro-
ningen, the Netherlands in 2009, 2010 and 2011 were included in this study. Students were
admitted based on either top pre-university grades (n = 139), acceptance in a voluntary mul-
tifaceted selection process (n = 286), or lottery weighted for pre-university GPA. Within the
lottery group, we distinguished between students who had not participated (n = 284) and
students who were initially rejected (n = 310) in the voluntary selection process. Two
months after admission, personality was assessed with the NEO-FFI, a measure of the five
factor model of personality. We performed ANCOVAmodelling with gender as a covariate
to examine personality differences between the four groups.
Results
The multifaceted selection group scored higher on extraversion than all other groups
(p<0.01), higher on conscientiousness than both lottery-admitted groups(p<0.01), and
lower on neuroticism than the lottery-admitted group that had not participated in the volun-
tary selection process. The latter group scored lower on conscientiousness than all other
groups(p<0.05) and lower on agreeableness than the multifaceted selection group and the
top pre-university group(p<0.01).
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Conclusions
Differences between the four admission groups, though statistically significant, were rela-
tively small. Personality scores in the group admitted through the voluntary multifaceted
selection process seemed most fit for the medical profession. Personality scores in the lot-
tery-admitted group that had not participated in this process seemed least fit for the medical
profession. It seems that in order to select applicants with suitable personalities, an admis-
sion process that calls upon desirable personality characteristics is beneficial.
Introduction
In medical school admissions, the goal is to select the applicants with the highest potential to
be good doctors. In addition to possessing the appropriate medical knowledge and technical
skills, the ‘ideal doctor’ has been described as someone caring, good with people, emotionally
stable, and responsible.[1,2] In formal policy statements, qualities such as altruism, account-
ability, excellence, duty, service, integrity and respect for others are mentioned as important for
professionalism in physicians.[3,4] These qualities relate to personality characteristics, which
have been shown to correlate with performance in medical school and in the medical profes-
sion.[5–10] Personality is often measured with the ‘Big Five’ factor model of personality, which
assesses conscientiousness, extraversion, openness to experience, agreeableness, and neuroti-
cism.[11] Conscientiousness, which relates to dutifulness, responsibility and accountability, is
the strongest and most consistent personality predictor of performance in medical school as
well as in the medical profession.[8] Extraversion and openness to experience were found to be
increasingly strong predictors of medical school performance over time.[12] Agreeableness,
characterized by factors such as altruism and being good with people, seems beneficial for com-
munication and collaboration skills in doctors.[9] Neuroticism, which relates to emotional
instability, was found to correlate with stress, exhaustion, and dissatisfaction with medicine as
a career.[13] Based on these relationships, it may be beneficial for medical schools to look for
ways to select applicants who score low on neuroticism, and high on the other factors in the
Big Five factor model of personality.
In order to admit applicants with such a personality profile, it would make sense to incorpo-
rate personality tests in the selection process. However, research shows that it is possible to be
too conscientious, or too emotionally stable. One study indicated that relationships between
these traits and job performance are not, as generally assumed in the literature, linear, but cur-
vilinear, with the relationship disappearing at higher personality scores.[14] Selecting the appli-
cants with the lowest scores on neuroticism and highest scores on the other Big Five factors
might therefore not result in the admission of students with the most suitable personality traits.
A profile of an ‘ideal’ doctor or ‘ideal’ personality values for medical workers is not available.
Therefore, the use of personality tests for selection purposes carries the risk to be ineffective.
Moreover, during the selection process, applicants tend to give socially desirable responses in
order to increase their chances of admission.[1,15,16] In one study, the authors administered a
personality test during the selection process and repeated this a few months after admission. In
the test during selection, students scored significantly lower on neuroticism and higher on the
other Big Five factors than after having been accepted.[1] This ‘faking good’ behaviour makes
the results of personality tests administered during selection unreliable and may lead to a dis-
tortion of correlations between personality measurements and later performance.
Still, in light of the relations between personality and later performance, it would be desir-
able to design a selection process which rewards constructive personality characteristics and in
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some way, sanctions disruptive personality traits. Roughly, medical school admissions pro-
cesses can be divided in processes focusing on either academic criteria such as previous aca-
demic performance, or ‘non-academic’ criteria such as professionalism, empathy and
communication skills, or random selection through a lottery. Studies examining the link
between these different types of selection processes and performance show that students admit-
ted based on a top pre-university GPA perform well in the academic as well as the ‘non-aca-
demic’ domain of medical training.[17] Students accepted in a time-consuming voluntary
selection process focused on several academic and ‘non-academic’ skills were shown to have a
lower risk of dropout than lottery-admitted students and to outperform them in clerkships.
[18,19] Additionally, participation–i.e. investment of time and effort–in a voluntary selection
process seems to predict higher academic performance than lottery, regardless of the outcome
of the voluntary process (acceptance or rejection). We wondered whether these performance
differences could be explained by more constructive personality characteristics in the groups
admitted based on top pre-university performance or selection, than in the group that was
admitted by lottery.
In this study, we therefore examined personality among students who were admitted to one
medical school based on either a top pre-university GPA, a voluntary multifaceted selection
process, or weighted lottery. Our research question was whether students admitted through dif-
ferent admissions processes have different personality profiles.
Methods
Context
This study was conducted at University of Groningen medical school, the Netherlands. Medical
schools in the Netherlands receive approximately 8500 applications annually. University of
Groningen medical school offers 410 of the total of 2780 places in Dutch medical schools. Of
these 410 places, around 60 are allocated to students in the International Bachelor of Medicine,
in which all courses take place in English. The remaining 350 places are allocated to students in
the Dutch Bachelor. In this study, we included all 1055 students who started the Dutch Bache-
lor’s programme in 2009, 2010, and 2011.
Admission processes
At the time of data collection, places at University of Groningen medical school were assigned
in three steps. In the first step, applicants with a pre-university GPA of 8 or higher (on a scale
where 1 = poor and 10 = excellent), were granted direct access. These account for the top 5% of
pre-university graduates in the Netherlands, and around 15% of all medical school applicants.
Participation in the second step was voluntary. In this step, applicants participated in a multi-
faceted selection process which was organized by each Dutch medical school separately. Appli-
cants who were rejected in the second step automatically enrolled in the third step. In the third
step, the remaining places were assigned through a weighted lottery, in which chances of
admission increase parallel to pre-university GPA. The 3-step admission system in the Nether-
lands has been described in more detail in a previous study.[17]
Multifaceted selection process
Between 2009 and 2011, the multifaceted selection process comprised two phases. Students
were required to hand in a personal portfolio with information about their academic back-
ground, extracurricular activities, and a number of reflection assignments. Extracurricular
activities yielded points if they had been carried out for 3,5 hours or more per week during the
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previous 1,5 years, for at least 5 consecutive months. In the section on reflection, applicants
carried out several reflective assignments. For example, they had to reflect on statements from
people in their network about their suitability for the medical profession. Evaluation of the first
phase indicated that students invested between 40 and 60 hours in the development of their
portfolio. After scoring the portfolios, the 225 highest scoring applicants were invited for the
second phase.
The second phase consisted of a full day programme with assignments in four 90-minute
blocks: a writing assignment on policies in the medical field, a patient-lecture with subsequent
assignments, an assignment on scientific reasoning, and an MMI-like[20] series of short inter-
views and role-plays. In the writing assignment, ethical decision-making and writing skills
were assessed. Applicants were asked to write an essay on real-life societal dilemmas, for exam-
ple China’s one-child policy. Assessment criteria were clarity, structure, quality of arguments
and consistency. In the patient lecture, medical knowledge, analytical skills and professional
integrity were assessed through questions about the lecture and videos depicting a physician in
a professional situation. Applicants were asked about professional reactions to difficult situa-
tions in the medical field. Assessment criteria were quality and appropriateness of the argu-
ments, insight on the micro, meta, and macro level, clarity, and consistency. In the scientific
reasoning assignment, applicants answered questions about a scientific article that they were
provided with. Assessment criteria were scientific reasoning skills and basic knowledge of the
natural sciences. Variables that were assessed in the MMI-like block of short interviews were
communication skills, collaboration skills and reflection.[17] These skills were assessed on a
7-point Likert scale by multiple independent raters. For all assignments, time-pressure and lev-
els of difficulty were high. Applicants were ranked based on their scores for the four blocks. All
blocks had the same weight, except for the MMI-like block, which was weighted double in the
total score. The highest-ranking applicants were offered a study place.
Data collection
The five personality factors conscientiousness, extraversion, openness to experience, agreeable-
ness, and neuroticism were assessed with an authorized version of the Neo Five Factor Inven-
tory (NEO-FFI) published in 1992 by Costa & McCrea.[21] This questionnaire consists of 60
items rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree),
and can be completed in approximately 10 minutes.
First-year students were asked to fill out various questionnaires on learning styles, personal-
ity, positive outcomes, and study strategies approximately two months after admission, as part
of a longitudinal professionalism course. Personality was assessed with the NEO-FFI, a vali-
dated shortened version of the NEO-Pi-R, which measures the Big Five personality traits. This
shortened version was used as to not burden the students too much with the questionnaires
during their studies. The outcomes of the inventory were communicated to the students. Stu-
dents wrote a reflection report on the relevance of the outcomes for their study behaviour, how
they planned to use beneficial aspects of their personality to their advantage, and how they
would manage aspects that might lead to problems. In order to answer the research question
for this study, we focused on the personality data. The data were derived from the university
administration and then anonymized.
Participants
Of all 1055 students who were admitted to the Dutch Bachelor of Medicine at University of
Groningen in 2009, 2010 and 2011, 1019 students (response rate = 96,6%; mean age at the start
of the first year = 18.6; 69% females) filled out the NEO-FFI. We analysed personality in four
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groups: students who were admitted based on a pre-university GPA 8 (n = 139; mean age at
the start of the first year = 18.0; 70% females); students who were accepted in the multifaceted
selection process (n = 286; mean age at the start of the first year = 18.5; 74% females); lottery-
admitted students who had been initially rejected in the multifaceted selection process
(n = 310; mean age at the start of the first year = 18.5; 69% females); and lottery-admitted stu-
dents who had not participated in this process (n = 284; mean age at the start of the first
year = 19.1; 63% females) (Table 1).
Data analysis
Mean personality factor score differences between male and female students were analysed
with independent samples t-tests. Mean differences between the four groups were analysed
using one-way analysis of covariance (ANCOVA). Gender was added as a covariate in all
ANCOVA analyses because the t-tests showed that gender was related to personality factor
scores. After initial analyses, the interaction term of gender and group was deleted from all
models because this interaction was non-significant for all personality factors. This resulted in
a model in which main effects of gender and group on personality factor scores were analysed.
When ANCOVA analyses showed significant group differences, Bonferroni post hoc multiple
comparison analyses were performed to assess which specific groups differed.
Data handling and permission
University of Groningen privacy policy states that student records may be used for research
purposes, given that reports cannot be traced back to individual students.[22] Data were
derived from the university administration and anonymized in accordance with this privacy
policy.
This study received ethics approval of the Ethical Review Board of the Dutch Association
for Medical Education (NERB dossier number: 359).
Results
Descriptive statistics
The percentage of female students was higher in the group that was accepted in the multiface-
ted selection procedure than in the lottery group that had not participated in this process
(p<0.05). In comparison with the other groups, mean age was lower in the top pre-university
group (p<0.01) and higher in the lottery group that had not participated in the multifaceted
selection process (p<0.001) (Table 1).
Table 1. Descriptive statistics for percentages of females andmean age at the start of the first year for
the four student groups.
N % femalesi Mean ageii
Top pre-university GPA 139 71 18.0
Multifaceted selection process 286 74 18.5
Selection-rejected lottery 310 69 18.5
Lottery 284 63 19.1
Total 1019 69 18.6
i Multifaceted selection process > Lottery (p<0.05)
ii Top pre-university GPA < other groups (p<0.01); Lottery > other groups (p<0.001)
doi:10.1371/journal.pone.0150645.t001
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Independent samples t-tests showed that mean personality factor scores among female stu-
dents were significantly higher than among male students for neuroticism (Mean difference
MD = 2.98; SE = 0.46; t1017 = 6.46; p<0.001), agreeableness (MD = 3.75; SE = 0.30; t1017 =
12.32; p<0.001), and conscientiousness (MD = 2.98; SE = 0.40; t1017 = 7.49; p<0.001). In fur-
ther analyses, gender was therefore added as a covariate.
Mean personality factor scores for the four student groups are displayed in Table 2. The
ANCOVA models comparing the groups’ personality factor scores are displayed in Table 3.
Conscientiousness
Mean conscientiousness scores differed between groups (F3, 1014 = 12.78; p<0.001). Bonferroni
post hoc multiple comparison analyses showed that the group that was accepted in the multi-
faceted selection process had a higher mean conscientiousness score than both lottery groups
(MD: 1.73–3.02; SE:0.47–0.48; p<0.01). The lottery group that had not participated in the mul-
tifaceted selection process had a lower mean conscientiousness score than the top pre-univer-
sity group and the selection-rejected lottery group (MD: -2.81– -1.30; SE:0.47–0.60; p<0.05).
Extraversion
Mean extraversion scores differed between groups (F3, 1014 = 10.24; p<0.001). The group that
was accepted in the multifaceted selection process had a higher mean extraversion score than
all other groups (MD: 1.38–2.60; SE:0.42–0.53; p<0.01).
Table 2. Mean Big Five personality factor scores for total and the four student groups.
Top pu* (SE) MFSP* (SE) SR-Lottery* (SE) Lottery (SE)
Conscientiousness 45.8 (0.52) 46.0 (0.33) 44.3 (0.33) 43.0 (0.37)
Extraversion 43.2 (0.46) 45.8 (0.28) 44.4 (0.29) 44.0 (0.32)
Openness to experience 39.8 (0.49) 39.2 (0.31) 38.4 (0.32) 39.0 (0.35)
Agreeableness 46.1 (0.44) 45.9 (0.28) 45.3 (0.25) 44.5 (0.29)
Neuroticism 29.7 (0.55) 29.7 (0.39) 30.1 (0.41) 31.4 (0.43)
N 139 286 310 284
* Top pu = top pre-university GPA group; MFSP = Multifaceted accepted group; SR-Lottery = Selection-rejected lottery group
doi:10.1371/journal.pone.0150645.t002
Table 3. ANCOVA analyses of mean differences in Big Five personality factor scores between the four student groups with gender as a covariate.
Fgroup pgroup Post hoc for groups* MD** SEMD pMD
Conscientiousness F3, 1014 = 12.78 0.000 MFSP > SR-Lottery 1.73 0.47 0.002
MFSP > Lottery 3.02 0.48 0.000
Lottery < Top pu -2.81 0.60 0.000
Lottery < SR-Lottery -1.30 0.47 0.038
Extraversion F3, 1014 = 10.24 0.000 MFSP > Top pu 2.60 0.53 0.000
MFSP > SR-Lottery 1.38 0.42 0.006
MFSP > Lottery 1.84 0.43 0.000
Openness to experience F3, 1014 = 2.17 0.090 NS
Agreeableness F3, 1014 = 3.70 0.011 Top pu > Lottery 1.60 0.46 0.003
MFSP > Lottery 1.38 0.37 0.001
Neuroticism F3, 1014 = 4.67 0.003 MFSP < Lottery -1.62 0.57 0.025
* Top pu = top pre-university GPA group; MFSP = Multifaceted accepted group; SR-Lottery = Selection-rejected lottery group
** MD = Mean difference
doi:10.1371/journal.pone.0150645.t003
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Openness to experience
The four groups did not differ significantly in mean openness to experience scores (F3, 1014 =
2.17; p>0.05).
Agreeableness
Groups differed in mean agreeableness scores (F3, 1014 = 3.70; p<0.05). The top pre-university
group and the group that was accepted in the multifaceted selection process had higher mean
agreeableness scores than the lottery group that had not participated in the multifaceted pro-
cess (MD: 1.38–1.60; SE:0.37–0.46; p<0.01).
Neuroticism
Groups differed in mean neuroticism scores (F3, 1014 = 4.67; p<0.001). The mean neuroticism
score in the group that was accepted in the multifaceted selection process was lower than in the
lottery-admitted group that had not participated in this process (MD = -1.62; SE = 0.57;
p<0.05).
Discussion
We found small, but significant differences in personality factor scores between the different
admission groups. Personalities in the group that was accepted in the voluntary multifaceted
selection process seemed most fit for the medical profession, with higher conscientiousness
scores than both lottery-admitted groups, higher extraversion scores than all other groups, and
higher agreeableness and emotional stability scores than the lottery-group that had not partici-
pated in the selection process. Personality scores in the lottery-admitted group that had not
participated in the multifaceted selection process seemed least fit.
The group accepted in the multifaceted selection process scored lower on neuroticism than
students who were admitted through lottery without having participated in the selection pro-
cess. This is in line with earlier research showing significantly lower neuroticism scores among
students who were admitted based on an interview than among students who were admitted
based on a non-interview process.[23] It is possible that the voluntary nature of the selection
processes induces self-selection of emotionally stable applicants. The stress of an entire day of
assessments might affect applicants who are less emotionally stable more strongly than other
applicants, and cause them to wait for the lottery. The high conscientiousness scores among
selection-accepted students compared to both lottery-admitted groups may be explained by the
requirements for the multifaceted selection process and its voluntary nature. Applicants are
required to invest approximately 40 to 60 hours in completing their first-phase portfolio. This
may discourage less conscientious applicants, who might spend less time on their portfolio or
put less effort into the assignments. This may cause them to score lower in the selection pro-
cess, as in addition to the evaluation of quality, the assignments are evaluated in terms of com-
pleteness, orderliness and rigour. In the lottery-admitted group that had not participated in the
selection process, the large investment of time and effort that is required might have caused
applicants to shy away from participation. The MMI-like[20,24,25] series of interviews and
role-plays in the second phase of the selection process, in which interpersonal skills are of high
importance, might explain the high scores on extraversion in the selection-accepted group.
MMI-scores were indeed found to be positively related to this factor.[26,27]
The group admitted through lottery without having participated in the voluntary selection
process had the least suitable personality scores. Conscientiousness scores in this group were
lower than among lottery-admitted students who had participated in the voluntary
Medical School Selection Processes and Personality
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multifaceted selection process but were initially rejected. Again, the time investment that is
required for participation might offer an explanation. Another explanation might be that par-
ticipation in the multifaceted selection process may be related to motivation,[17,28] which in
turn relates to personality. A meta-analysis of the relationship between personality and perfor-
mance motivation showed that conscientiousness was positively related to performance moti-
vation (goal-setting, expectancy, and self-efficacy motivation).[29] This effect might be
apparent in the group that participated in the multifaceted selection process as well. However,
this same meta-analysis showed that neuroticism was inversely related to performance motiva-
tion,[29,30] whereas in our study, we did not find a significant difference between the two lot-
tery-admitted groups on neuroticism scores. As motivation is not only related to personality
but also to performance in medical school,[31] it would be worthwhile to investigate the role of
motivation in the relation between personality and performance in future research.
Psychology research indicates that relations between job performance and personality char-
acteristics are curvilinear. Too much conscientiousness or emotional stability does not seem to
contribute to better performance.[14] One could therefore argue that our conclusions about
the ‘fit’ between personalities in the different groups and the medical profession are unsup-
ported, because there is no indication of ‘ideal’ values of the personality traits. However, rather
than measuring personality with a personality test during selection, we assessed whether the
different admissions processes called upon different personality characteristics indirectly.
Extremely high or low scores on the personality traits would likely not result in suitable behav-
iour, and would therefore probably lead to lower scores in pre-university education or in the
selection process. For example, through rewarding suitable behaviour, the multifaceted selec-
tion process may select out those applicants who are too conscientious, or too emotionally sta-
ble. Additionally, previous findings showed that performance was better among students who
were admitted based on a top pre-university GPA or multifaceted selection than among lot-
tery-admitted students.[17] It thus seems that in these groups, students have constructive per-
sonality traits. In choosing a selection process, medical schools should therefore be aware of
this indirect selection on personality traits. Taking this a step further, medical schools may
modify the focus of their selection process to call upon desirable personality traits, such as
conscientiousness.
We found significant personality differences between the four groups, but the differences
were small. This might be explained by the fact that the pool of medical school applicants is
quite homogeneous, as all applicants are part of a highly educated group with similar voca-
tional interests.[32] In general, medical students seem to have different personality profiles
than other students. Medical students score high on extraversion and agreeableness compared
to students in sciences or applied sciences.[9] In such a homogeneous group, effect sizes of dif-
ferent admissions processes are bound to be small. The fact that we did find group differences
in personality scores indicates that the choice for a certain selection process might affect the
student population in terms of personality.
Our study offers a unique insight into personality characteristics relevant in different medi-
cal school selection processes. However, some limitations should be taken into account when
interpreting our results. First, we used the NEO-FFI inventory, a shortened version of the origi-
nal NEO-PI-R five factor model. This shortened version measures only the five main personal-
ity factors, whereas the original test also assesses different facets within these higher-level
factors. In further research, it could be beneficial to use the original questionnaire, as despite
being strongly related to each other, the facets within the main personality factors seem to have
different, sometimes even inversed, correlations with workplace outcomes.[26] For example, it
was found that half the facets of openness to experience relate positively to job performance,
whereas the other half correlate negatively.[33] This might explain our non-significant results
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for this factor as well. Second, there is an ongoing debate on the stability of personality charac-
teristics in this age group. Some argue that personality characteristics are stable in adulthood,
whereas others argue that personality characteristics are susceptible to change, depending on
environmental, physical, and cognitive factors.[34] If personality characteristics are indeed still
changing in adulthood, this affects the reliability of our measure of personality: conclusions
could be different when personality in the same groups is measured again after a period of
time. A third limitation of our study is that conducting the research at a single medical school
might lead to a selection bias, as applicants generally apply to a specific medical school based
on their personal preferences. For example, a study by Wilson and colleagues (2013) showed
that higher agreeableness and conscientiousness scores were associated with attending an
undergraduate school and a rural or community focused school.[35] It therefore remains
unclear whether our results are generalizable to other medical schools within the same admis-
sion system.
Conclusions
Students accepted in the voluntary multifaceted selection process seemed to have the most suit-
able personality profiles. Lottery-admitted students who had not first participated in this pro-
cess had the least suitable personality profiles. In the design of an admissions process, medical
schools should take into account that different selection tools might call upon different person-
ality traits. They may use this effect to select applicants with suitable personalities.
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